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Letter to the Editor 
Ancient Weapons: NK-Lysin, 
Is a Mammalian Homolog 
to Pore-Forming Peptides 
of a Protozoan Parasite 
Peptides from natural sources with biological activity to- 
ward bacteria and tumor cells are attracting increasing 
attention (Boman, 1991; Zasloff, 1992). In a time of ongo- 
ing search for such factors throughout the animal kingdom 
(Boman, 1995) it is not amazing that relatives of peptides 
once discovered as unique in one organism are subse- 
quently found in other species. Nevertheless, I was sur- 
prised to find that NK-lysin, the novel effector molecule 
recently identified in porcine cytotoxic lymphocytes (An- 
dersson et al., 1995), structurally and functionally resem- 
bles amoebapore. The latter molecule is a polypeptide 
that forms ion channels in target cell membranes (for re- 
view see Leippe and Miiller-Eberhard, 1994). Amoebapore 
was isolated from Entamoeba histolytica (Leippe et al., 
1991), a protozoan parasite that causes life-threatening 
disease in humans. Interestingly, this organism is consid- 
ered a living relic of the earliest phase of eukaryotic evolu- 
tion, as revealed by protein sequence data (Hasegawa et 
al., 1993). 
Andersson et al. (1995) describe the isolation from por- 
cine intestinal tissues and the molecular cloning of NK- 
lysin, a 78 residue peptide with antibacterial activity. They 
report a moderate sequence divergence (seven residues) 
between the purified NK-lysin and the translation products 
of the two identical cDNA clones isolated. This may reflect 
the existence of NK-lysin isoforms or may be due to allelic 
variations in pig populations, as suggested by the authors. 
Since the purified peptide also shows lytic activity toward 
tumor cells and is synthesized by cytotoxic T cells and 
natural killer cells, it has been assumed that NK-lysin is an 
additional component of the cytotoxic armament of these 
cells. 
Likewise, amoebapore has been considered the primary 
candidate for mediating the extraordinary cytolytic activity 
of the protozoan parasite. The 77 residue peptide displays 
cytotoxic and antibacterial activity (Leippe et al., 1992, 
1994a). Recently, we discovered a family of amoebapores 
in amoebic cytoplasmic granules consisting of three iso- 
forms with considerable divergence in their primary struc- 
ture but similar properties (Leippe et al., 1994b). Until 
recently, researchers have suggested, as the aforemen- 
tioned authors have with regard to NK-lysin, that structur- 
ally the amoebapores represent a unique class of mem- 
brane-active peptides that functionally may have analogs 
in the well-known defensins, disulfide-bonded antibacte- 
rial and cytotoxic peptides from the cytoplasmic granules 
of neutrophils (Lehrer et al., 1993). 
It is therefore important to notice the obvious structural 
homology between the amoebic peptides and NK-lysin 
(Figure 1). An initial alignment was produced using the 
program BESTFIT (University of Wisconsin Genetics 
Computer Group package; Devereux et al., 1984) and 
manually corrected to maximize alignment. The se- 
quences of NK-lysin show about 25%-30% identity and 
about 45%-500/o similarity to each of the amoebapore iso- 
forms. Moreover, for about 44% of the residues of the 
NK-lysin sequences an identical residue is found at the 
same position in at least one of the amoebapore isoforms; 
similar amino acids between the two groups can be found 
for more than 60% of the residues. Identical and similar 
residues are interspersed along the entire sequences of 
the similarly sized (mature) peptides. 
To assess the statistical significance of the finding, ho- 
mology searches of the GenBank peptide sequence data- 
base were performed using the National Center for Bio- 
technology Information BLAST network service with the 
BLASTP program (Altschul et al., 1990). Although BLAST 
programs focus on ungapped segments, similarity be- 
tween NK-lysin and amoebapores was found to be signifi- 
cant provided that the substitution matrices are suitable 
for highly divergent proteins (e.g., PAM 250 and PAM 300). 
The strongest data were obtained when each of the NK- 
lysin sequences was compared with amoebapore C using 
the PAM 300 matrix (the p values are 2.2 x 1O-5 for NK- 
lysin I versus amoebapore C and 5.9 x 1Om6 for NK-lysin 
II versus amoebapore C). Therefore, it is unlikely that the 
similarity between the two groups of cytolytic peptides oc- 
curred by chance. 
The substantial similarity in primary structure relates 
to conservation of secondary structural elements. With 
regard to amoebapores, circular dicroism spectroscopy 
revealed an all a-helical conformation for amoebapore A 
(Leippe et al., 1992). Computer-aided secondary structure 
prediction yielded a structure of four adjacent a helices 
connected by short hinge regions (Leippe et al., 1992; 
see Figure 1). Synthetic peptides corresponding to the 
structural elements proposed to permeate membranes, 
i.e., the amphipathic helices 1 and 3 (Figure l), exhibited 
pore-forming activity(Leippe et al., 1994a). Similar regions 
of NK-lysin are predicted to form amphipathic a helices, 
and circular dicroism spectroscopy seems to be in line 
with the prediction that a substantial part of the molecule 
is a helical (Andersson et al., 1995). 
Moreover, the same number and the positioning of cys- 
teine residues in NK-lysin and amoebapores indicate that 
a favorable tertiary structure is conserved that combines 
amphipathic a helices with a disulfide-bonded compact 
folding. Such a common structural motif was previously 
suggested when two groups of nonlytic polypeptides of 
similar size, the saposins and surfactant-associated pro- 
tein B (SP-B), revealed a pattern of halfcystines identical 
with amoebapore (Leippe et al., 1992). Notably, the disul- 
fide bridges determined for NK-lysin resemble those as- 
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Figure 1. Sequence Homology of NK-Lysin 
and Amoebapores 
The amino acid sequences of mature NK-lysin, 
determined by analyzing the purified peptide 
(NK-lysin I) and deduced from the cDNA clones 
(NK-lysin II), are compared with the sequences 
of the three amoebapore isoforms. With the ex- 
ception of NK-lysin II, all sequences have been 
confirmed by massspectrometryof the purified 
peptides (Leippe et al., 1994b; Andersson et 
al., 1995). Residues identical in at least one 
NK-lysin sequence and one of the amoebapore 
isoforms are darkly stippled and conserved 
cysteine residues are shown in bold letters; 
those with similar propertiesfound in both pep- 
tide groups are lightly stippled. Similar amino 
acids were defined as follows: A, G; S, T; E, D; R, K, H; Q, N; V, I, L, M; Y, F; W; P; C. Gaps introduced to maximize amino acid alignments are 
indicated by hyphens. Numbers refer to the positions of the residues at the end of each block in the respective peptide. The predicted elements 
of secondary structure of amoebapores are shown underneath the sequences. The GenBankIEMBUDDBJ accession number(s) for NK-lysin is 
X85431 and for amoebapore A, B, and C are M83945, X78904, and X76903, respectively. 
signed for porcine SP-6 (Johansson et al., 1991), and we 
assume that the same intramolecular cross-links stabilize 
the structures of amoebapores. Apparently, all of these 
peptides have a rigid structure and hence are extraordi- 
narily stable to heat, acid environment, and proteolytic 
degradation. 
From the current data, it can be concluded that NK-lysin 
and amoebapores are also functionally similar. First, both 
types of peptides display antibacterial activity. The spec- 
trum of bacterial targets appears to be more narrow for 
amoebapores than that reported for NK-lysin. (The mode 
of action is known only for the amoebic peptides; they 
perturb the integrity of the bacterial cytoplasmic mem- 
brane.) Second, the peptides are not efficient in lysing 
erythrocytes. Third, killing of metabolically active eukaryo- 
tic target cells like tumor cell lines requires approximately 
the same relatively high concentrations, supporting the 
notion that the mode of action is membrane permeation 
rather than interaction with a specific membrane receptor. 
Fourth, the peptides can be localized to granules of the 
producing cells. Taken together, amoebae and lympho- 
cytes may both use the peptides to prevent bacterial 
growth and also as effector molecules in a contact- 
dependent cytolytic reaction that is directed against a 
broad spectrum of eukaryotic target cells. Thus, there ap- 
pears to be a common biological function that justifies 
relating the sequences to a common class of peptides. 
A key question for future investigations is whether the 
production of NK-lysin indeed contributes essentially to 
the cytotoxic potential of mammalian lymphocytes, as has 
been suggested by Andersson et al. (1995). The two highly 
elaborated killing mechanisms induced by these immune 
effector cells in human and mouse, i.e., lysis initiated by 
action of the pore-forming protein perforin and the Fas- 
based pathway of apoptosis (Kagi et al., 1994; Lowin et 
al., 1994), may be complemented by an ancient live-and- 
let-die principle also existent in amoebae. 
Matthias Leippe 
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Federal Republic of Germany 
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